Abstract
Introduction

31
Benthic suspension feeders play a key role in coastal food webs by coupling pelagic primary 32 and benthic secondary production and thus mediating the energy transfer through coastal The mechanisms underlying bivalve suspension feeding are particularly well understood for 44 mussels (Mytilus spp., for a review see Gosling 2003) . In the processing of food, mussels when all particles are retained (Riisgård 2001) . Both measures are known to be influenced by 54 various environmental factors like water temperature, particle concentration, quality and
55
In this study, we experimentally determined the effects of infections with R. roscovita on 81 mussel clearance rates and body condition by using controlled infections under lab conditions.
82
We also investigated whether there were size-related differences in the effects of such 83 infections.
85
Material and Methods
86
Parasite and host collection exposure (confirmed by screening 50 mussels for the presence of metacercariae). For the experiment, a total of 24 mussels was used, 12 from each of two shell length categories:
106
"small" (19-22 mm) and "large" (46-49 mm). After carefully removing (a few) barnacles 107 from their shells, all mussels were acclimated in an aerated flow-through sea water tank (50 x 108 30 x 35cm), filled with natural sea water and kept in a climate chamber at a constant 109 temperature of 15 °C. During this time a diet of Isochrysis galbana was provided by adding 110 500-1000ml of algal suspension (approx. 10 6 cells ml -1 ) once every day.
112
Experimental infections
113 To infect mussels with R. roscovita, the 24 experimental mussels were distributed equally in 114 six small aerated plastic aquaria (13 x 21 x 13cm). Each aquarium contained two small and 115 two large mussels which were numbered individually with nail polish. Half of the aquaria also replenishing the algal concentration (Riisgård 2001 ) during the incubation period (see below).
141
The experimental setup consisted of 24 individual 2 l plastic containers filled with one litre of 142 seawater (UV-sterilized, 0,2μm filtered) and provided with an airstone for a constant air 143 supply and uniform mixture of the water. In each container we placed one of the 24 144 experimental mussels 15 minutes before measurements were started (pilot experiments had 145 shown that mussels started with filtration at constant rates within this time). In addition to the 146 24 experimental containers, we set up 6 containers without mussels as controls to detect 147 potential changes in algal concentration caused by factors other than the presence of mussels Immediately after completing all the measurements, the mussels were frozen at -18°C until 166 dissection. At this point, 7 days since starting the infections had passed (4 days infections, 2 167 days acclimation, 1 day experiment, see above). Procedures for infected and uninfected 168 mussels were exactly the same to avoid any bias, particular in tissue dry mass measurements.
169
Prior to dissection, mussel shell length (maximum anterior-posterior dimension) was we used the mean clearance rate for further analysis.
195
We tested for differences in mussel size (log-transformed) between infected and uninfected 196 mussels within each size class using separate t-tests. To test for differences in clearance rates
197
and condition between infected and uninfected and small and large mussels we used a fully 198 factorial ANOVA design with mussel size and infection status as fixed factors. In addition,
199
we added a block factor to test for potential differences among the three separate runs.
200
Clearance rates and condition indices were both log-transformed to meet the assumptions of we used linear regressions (log algal concentration over time).
204
To compare relative infection levels between small and large mussels, we calculated palp 
Results
213
The final dissections showed that all controlled infections were successful, with small and 214 large mussels acquiring, on average, approximately 1500 and 3000 metacercariae,
215
respectively (Table 1) . No other macroparasites were noticed in the experimental mussels. In 216 small mussels about half of the metacercariae were encysted in the palps and gills (48%); in 217 large mussels this proportion was higher (62%; Table 1 ). Although larger mussels carried a 218 higher total load of metacercariae, their relative parasite burden per mussel length was about 219 2.5 times lower than in small mussels ( Table 2) . The difference between parasite load per palp
220
surface between large and small mussels was less pronounced, with small mussels carrying 221 about 1.5 times higher numbers of metacercariae (Table 2) .
223
While none of the small mussels needed a new addition of algae during the experiment, some 224 of the uninfected large mussels needed a new addition of algal culture up to four times. In 225 contrast, several of the infected large mussels did not need an extra dose. non-infected mussels within each size class (t-tests; small mussels: F1, 10=0,17; p=0,688; large 235 mussels: F1, 10=0,6; p=0,469, Table 2 ), indicating that mussel size was not confounding the 236 measurements.
238
The experiment showed statistically significant effects of mussel size and infection status on 239 mussel clearance rate and condition and a marginally significant interaction term (Table 3) .
240
There was no statistically significant effect of the (temporal) block factor for clearance rates 241 but the block factor was statistically significant when looking at mussel condition (Table 3) .
242
Mean clearance rates of infected mussels were only 58% (small mussels) and 29% (large 243 mussels) of the ones observed in uninfected mussels (Fig. 2) . In general, large mussels had 244 higher clearance rates than small mussels (Fig.2) . Similarly, small mussels had a lower 245 condition than large mussels (Fig. 3 ) and the condition index was lower in infected compared 246 to uninfected mussels, both in small and in large mussels (77% and 83% of uninfected 247 mussels, respectively; Fig. 3 ). Since mussel length was not statistically different between 248 infected and uninfected mussels within the two size classes (see above), the difference in 
Discussion
256
The experiment showed that infections with the trematode Renicola roscovita significantly 257 reduced the clearance rates of mussels. This effect was less pronounced in small (42 % 258 reduction) than in large mussels (71%). In addition, in the short course of the experiment,
259
infections also significantly reduced mussel condition in large (23% reduction) and small (17 260 %) mussels.
262
These results corroborate our hypothesis that the preferred location of the parasites in the gills 263 and palps interferes with the filtration in infected mussels. This interference most likely 264 results from a mechanical disturbance through the encapsulated cysts in the gills and palps. The magnitude of the observed effects on condition after only 7 days since the start of 285 infections seems unlikely at first sight. However, mussels are well known to increase in body weights for a similar calculation of μ. However, using the same formula the difference in 292 body weight between infected and uninfected mussels in our experiments amounts to a 293 difference of 4.7 % d -1 in small and 3.1 % d -1 in large mussels, suggesting that the differences 294 in body condition within such a short time are well within the range reported in the literature.
295
However, whether the difference in body weight resulted from a reduced growth of infected 296 compared to uninfected mussels or from a loss of weight in infected versus uninfected 297 mussels cannot be inferred from our experiment. The combined effect of interference with the 298 mussel's feeding apparatus and direct or indirect energetic demands imposed on the mussels 299 by the infections probably also underlies the observed reduction in shell growth of infected filtration capacity of mussels (Meyer & Mann 1950) . However, in this case the underlying 325 mechanism is not a direct interference with the filtration apparatus (the copepods inhabit the 326 mussels' intestines) but most likely an indirect effect resulting from negative effects on 327 mussel condition. Apart from effects on total filtration capacity, parasites may also interfere 328 with the sorting capability of their hosts, in particular when they inhabit the palps, which are 329 particle sorting organs (Beninger & St-Jean 1997) . This limitation in sorting capacity will balance (and by that possibly feed back towards system dynamics).
333
In conclusion, our experiment showed that infections with the trematode Renicola roscovita 334 significantly reduced the clearance rates of mussels, with subsequently negative consequences Small mussels Large mussels
Condition index
